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ASSAY METHOD AND KIT THEREFOR 

Field of the invention 

The present invention relates to a method of quantitatively or semi- 
5 quantitatively determining an analyte in a sample, especially a high concentration 
analyte. 

Background of the invention 

For qualitative and quantitative determination of an analyte in a sample, a so- 
10 called sandwich assay is often used, wherein two receptors directed against different 
epitopes of the analyte are incubated with a sample containing the analyte, one of the 
receptors being detectable, e.g. through a label conjugated thereto. In a heterogeneous 
assay format, the second receptor is immobilized (e.g. coupled) to a solid phase or 
provided with a binder component, such as biotin, capable of binding to the solid phase, 
15 such as an avidin- or streptavidin-coated solid phase. 

Especially in case the analyte is present in the sample in a high concentration, it 
is customary to dilute the sample before performing the assay to avoid the use of large 
and often costly amounts of immobilized receptor and labelled receptor, respectively, or 
to avoid technical difficulties where large amounts of receptors cannot be used. Such 
20 dilution is not only laborious but also introduces an additional source of error into the 
assay. 

There is therefore a need of an assay procedure that avoids the necessity of 
dilution. 

25 Summary of the invention 

It is an object of the present invention to provide a method of performing a 
heterogeneous sandwich assay which permits the determination of even a high 
concentration analyte in a sample without the need to dilute the sample. 

It is another object of the invention to provide a method of performing a 
30 heterogeneous sandwich assay which reduces the amounts of capturing and detection 
reagents used. 

It is still another object of the invention to provide test kits for carrying out the 
method. 
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In one aspect of the present invention there is therefore provided a method of 
determining an analyte in a sample, especially a high concentration analyte found in 
concentrations >1 nmole/litre, comprising the steps of: 

a) contacting the sample with a specified amount of a receptor which binds 
specifically to the analyte to form an analyte/receptor complex, said specified amount of 
receptor being in excess of that required to bind all analyte in the sample, 

b) isolating on a solid phase, preferably a matrix such as a membrane strip, a 
specified fraction of the amount of receptor contacted with the analyte, including 
analyte/receptor complex and unreacted receptor, 

c) detecting the amount of analyte/receptor complex in said isolated specified 
fraction, and 

d) from the detected amount analyte/receptor complex, determining the 
concentration of analyte in the sample. 

In another aspect of the present invention there is provided a test kit for 
determining an analyte in a sample, comprising (i) a specified amount of a receptor 
substance having a first part which binds specifically to the analyte, and (ii) a solid 
phase member having immobilized thereon a ligand which binds specifically to a 
second part of the receptor, the amount of said ligand on the solid phase member being 
less than said specified amount of the receptor substance. 

In still another aspect of the present invention there is provided a test kit for 
determining an analyte in a sample, comprising (i) a specified amount of a receptor 
substance having a first part which binds specifically to the analyte, only a specified 
fraction of the amount of receptor substance having a second part capable of binding to 
a specific ligand, and (ii) a solid phase member having said specific ligand immobilized 
thereon. 

In yet another aspect of the present invention there is provided a test kit for 
determining an analyte in a sample, comprising (i) a first specified amount of a receptor 
substance, and (ii) a solid phase member having immobilized thereon a second specified 
amount of the receptor substance. 

While it is preferred to use the method and test kit for quantitative determination 
of analytes of interest, they may also be used for semi-quantitative and qualitative 
determinations. 
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Detailed description of the invention 

The essence of the present invention resides in binding all analyte present in a 
sample to an analyte-specific receptor, isolating a minor fraction of the analyte-receptor 
complex formed on a solid phase, detecting the amount of isolated analyte-receptor 
complex, and from this detected amount of analyte on the solid phase determining the 
total amount of analyte in the sample. According to the invention, this may be 
accomplished in various ways. 

In one embodiment of method of the invention, all analyte is bound by 
contacting the analyte-containing sample with a solution containing an excess of a first 
receptor (Rl) which in addition to affinity to the analyte has affinity to a ligand (L), 
whereupon a minor fraction of the analyte-receptor complex is bound to a solid phase 
having the ligand (L) immobilized thereto. This binding of the minor fraction may be 
achieved by either (i) using a limited (specified) amount of ligand_(L) to extract a 
fraction of the analyte-receptor complex (and unreacted receptor), or (ii) by using a first 
receptor (Rl) only a minor (specified) fraction of which is capable of binding to the 
ligand (L) to extract the desired fraction of the analyte-receptor complex (and unreacted 
receptor). In the latter case (ii), the amount of immobilized ligand (L) is usually in 
excess of the amount of the first receptor capable of binding to the ligand (L). The 
amount of analyte/receptor complex bound to the solid phase is then detected, usually 
by contacting the solid phase with a detecting agent in the form of a labelled binder for 
the analyte, such as a labelled second receptor (R2). 

In the first cas<^(^above, the amount of immobilized ligand (L) that can bind to 
the analyte-specific receptor (Rl) is a specified fraction of the amount of analyte- 
specific receptor (Rl) contacted with the sample, and therefore the ratio of detected 
anal yte on the_so lid pji^ejo^the totaljimount of analyte in the sample will correspond 
to the ratio of jmrnobilizedanal yte-bindin g ligand (L) to the total amount of added 
receptor (Rl), thereby permitting the analyte concentration in the sample to be 
calculated. 

In the second caselfii^above, the amount of analyte-specific receptor (Rl) that 
can bind to immobilized ligand (L) is a specified fraction of the total amount of receptor 
(Rl), and therefore the ratio of delected analyte on the solid phase to the total amount of 
analyte in the sample will correspond to the ratio of analyte-specific receptor (Rl) 





capable of reacting with ligand (L) to the total amount of receptor (Rl), thereby / 
permitting the analyte concentration in the sample to be calculated. 

The term "receptor" as used herein refers to active analyte-binding receptor, and, 
where relevant, active ligand-binding receptor, respectively, and is not meant to include 
such receptor in an inactive or non-binding state. Likewise, the term receptor-binding 
ligand refers to active receptor-binding ligand and is not meant to include such ligand in 
an inactive or non-binding state. 

term "amount" as used herein usually means binding capacity. Thus, for 
example, wheh\k is stated that the amount of analyte-specific receptor is in excess of the 
amount of analyte/Xjneans that there is more analyte-specific receptor than necessary 
to bind all analyte. UsuaHv, there is a 1 : 1 reaction ration between e.g. the analyte and 
the analyte-specific receptorSor between the analyte-specific receptor and the 
immobilized receptor-binding li^nd. In such a case, the binding capacities of the 
respective species correspond to theiKmolar amounts. Other reaction ratios are, 
15 however, also possible. For example, the^rnmobilized ligand may be capable of binding 
more than one analyte-specific receptor. 

In another embodiment of method of the invention, the sample is contacted with 
analyte-specific receptor (Rl) provided both in solution and, in a minor fraction, 
immobilized to a solid phase, thereby permitting a minor fraction of analyte present in 
20 the sample to be bound to the solid phase. If the ratio of the amount of receptor (R T) in 
solut ion to the amou n t of immobilized receptor (Rl) is known, the analyte concentr ation 
in the sample may b e calculate d from the detected amount of anal ytei^ pund to^, the.solid 
^ghase. 

It is readily seen that the above procedure gives the same effect as diluting the 
25 sample. In addition to the dilution step being avoided, which, of course, is of advantage 
to the operator, one obtains a considerable saving in reagents, i.e. both the reagent for 
capturing the analyte on the solid phase and the detecting agent, the latter often being 
costly. In this connection, it is also to be noted that in the assay of the invention, the 
^rcac^nbe^ctn^ analytc and receptor takes place in so lutio n wher e^lrngst-aH-receptors 
30 are active rather Ah an at a solid phase surface a s m a corresponding conventiona l^assay 
where onl^boutJO-2 0% of immobilized receptor will react (Butler, J. E., et al, 
Molecular Immunology, Vol. 30, No. 13, pp. 1 165-1 175, 1993). 



5 

The required ratio between the total binding capacity of analyte-specific receptor 
contacted w ith the sample and (i) the binding capacity of receptor-binding ligand that is 
i mmobilizedJ OLth e solid phase when this is limited, or (ii) the ligand-binding capacity 
pf the,analyte-specific receptor when this is Jimited, is readily determined by the skilled 
person depending inter alia on the particular analyte to be determined and the particular 
assay format used and may be chosen within wide limits. Usually, this ratio is from 
about 2:1 to about 1000:1, especially from about 5:1 to about 100:1, preferably more 
than about 10:1, more preferably more than about 20:1. 

The excess of analyte receptor relative to the amount of analyte in the sample is 
also readily determined by the skilled person for each specific case. 

The receptor contacted with the sample is usually of the dual receptor or 
bireactive binder type having one part that specifically binds to the analyte and another 
part which specifically binds to the ligand immobilized on the solid phase surface. The 
analyte binding part may, for example, be an antibody (monoclonal or polyclonal) or an 
active fragment thereof (including recombinant antibodies and fragments) or nucleic 
acids whereas the ligand-binding part may be one member of a specific binding pair. 
Exemplary such specific binding pairs include immunological binding pairs, such as 
antigen-antibody and hapten-antibody, biotin-avidin or -streptavidin, lectin-sugar, 
hormone-hormone receptor, and nucleic acid duplex. For example, the solid phase may 
have streptavidin immobilized thereto, and the receptor for the analyte may be 
biotinylated. To avoid immunoprecipitation at high analyte concentrations, it may be 
preferable to use monovalent receptors. 

While the analyte preferably is a molecule present in concentrations >1 
nmole/litre in a sample, the analyte may, of course, be any substance for which there 
exists a naturally occurring analyte-specific binding member or for which an analyte- 
specific binding member can be prepared. 

Analyte that has been captured by the solid phase is usually detected by reaction 
with a labelled specific binder for the analyte. Such a labelled binder may be a 
conjugate comprising a detectable label covalently or non-covalently attached to the 
specific binding member, "label" referring to any substance which is capable of 
producing a signal that is detectable by visual or instrumental means, particularly a 
fluorophore or chromophore. 



The sample is usually of biological origin, for example blood (serum, plasma, 
whole blood), saliva, tear fluid, urine, cerebrospinal fluid, sweat, etc. The invention is, 
of course, also applicable to other types of samples, such as fermentation solutions, 
reaction mixtures, etc. Especially, however, the sample is an undiluted serum or whole 
blood sample. 

While the present invention is generally applicable, it may advantageously be 
used in solid phase assays of the immunochromatograpic type. Such assays use a device 
comprising a plate-shaped flow matrix of bibulous material, usually a membrane strip, 
such as of cellulose nitrate or glass fiber, in which liquid can be transported laterally 
(i.e. in the plane of the strip) by capillary forces in the membrane. The membrane 
usually has a sample application zone, and a detection (or reaction) zone downstream of 
the sample application zone. In the detection zone, usually a capturing reagent for the 
analyte is immobilized. To conduct an assay, the application zone is contacted with the 
liquid sample to be assayed for the analyte of interest. The device is maintained under 
conditions sufficient to allow capillary action of liquid to transport the analyte of 
interest, if present in the sample, through the membrane strip to the detection zone 
where the analyte is captured. The capillary liquid flow is usually insured by an 
absorbing pad or the like at the downstream end of the strip. A detection reagent, 
usually labelled, is then added upstream of the detection zone and interacts with 
captured analyte in the detection zone, and the amount of captured analyte is measured. 
Often, the detection reagent is pre-^ppsite41nj0 £on the m embr ane strip, e.g. in the 
form ofjifflisively movable p articles containin g fluorophoric or chromogenic^grougs^ 
either upstream of the sample application zone or between the sample application zone 
and the detection zone. 

In an immunochromatographic assay according to the inventi on, the rece ptori s 
added to the sample eitherbe^ sample to the membrane ^trip, M ^onay,be 

pre-deposited in or on the membrane strip upstream ofjhejtetectio^ - 

A test kit for carrying out the method of the invention may comprise such a 
membrane having (i) immobilized in or on the membrane a ligand which binds 
specifically to the receptor, and (ii) dissolvably pre-deposited in or on the membrane a 
specified amount of analyte-specific receptor. The amount of the ligand on the solid 
phase member is less, and usually considerably less than that required to bind the 
specified amount of the receptor substance. 



In another embodiment of test kit, only a fraction of the analyte-specific receptor 
is capable of binding to the immobilized ligand. Such a kit may comprise (i) 
immobilized in or on a membrane a ligand which binds specifically to the receptor, and 
(ii) dissolvably pre-deposited in or on the membrane a specified amount of analyte- 
specific receptor substance, only a specified fraction of which, is capable of binding to 
the immobilized ligand. 

Still another embodiment of test kit may comprise (i) dissolvably pre-deposited 
in or on a membrane a first specified amount of analyte-specific receptor substance, and 
(ii) immobilized in or on the membrane a second specified amount of the analyte- 
specific receptor substance. 

In an alternative embodiment, the solid phase is a solid phase well, such as a 
microti ter plate well. Such of test kit may comprise a solid support having one or more 
wells with the second amount of analyte binding receptor immobilized therein and with 
the first amount of analyte-binding receptor dissolvably pre-deposited in the well or in 
close contact with the well. 

In the following, the invention will be illustrated in more detail by a specific 
non-limiting Example. 

EXAMPLE 1 

Immunoassay for C-reactive protein (CRP) in undiluted serum samples 
Measuring range 10 - 200 mg/1 

Principle 

Sample is mixed with biotinylated anti-CRP-fab in excess and the mixture is 
applied to a test strip having a deficient amount of streptavidin in the reaction zone. 
After an intermediate wash 7 -anti-CRE-fliiQ^phore-coniugat e is add ed and after a wash, 
conjugate that has bound to the reaction zone is measured. Since only a small part of the 
biotinylated anti-CRP-fab can bind to the reaction zone the consumption of the 
fluorophore conjugate is reduced considerably. 

Test strips 

5 x 48 mm nitrocellulose membranes (Whatman, porosity 8 |im) on a polyester 
backing were used. The strips had a sample application zone at one end and a 



downstream reaction zone with immobilized streptavidin in an amount capable of 
binding approximately 6% of biotinylated anti-CRP added in the assay procedure. 

Samples 

CRP-containing samples of varying CRP concentration were prepared from a 
200 mg/1 of recombinant CRP (Fitzgerald) in hCRP depleted serum. 

Procedure 

15 fil of biotinylated anti-CRP-fab (monovalent fab-fragment of monoclonal 
antibody) and 15 |nl of CRP-containing serum were mixed and the mixture was applied 
to the application zone of the membrane strip. The amount of biotinylated anti-CRP-fab 
was 3 ^ig per test strip, which is a 2 x molar excess of anti-CRP in relation to the 
standard 200 mg/1 CRP. After an intermediate wash with 15 |al of test buffer (50 mM 
borate buffer pH 8.0, 3% BSA, 5% sucrose, 0.15 M NaCl, 0.005% CaCl 2 , 0.05% 
NaN3), 15 jlxI of detection conjugate solution [3 |Lig of anti-CRP monoclonal antibody 
(Fitzgerald) coupled to 0.1 |um TransFluoSpheres-SO^CHO (633/720 nm) (Molecular 
Probes Inc.), the above test buffer] were added , followed by wash with 2 x 15 \xl of test 
buffer. The fluorescence of the strip was then measured. The results are shown in Table 
1 below. 
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Table 1 



CRP cone. 
(mg/1) 


Peak area obtained 
(V x mm) 


0 


0.08 


0 


0.07 


10 


2.56 


10 


2.50 


30 


3.62 


30 


4.01 


100 


5.24 


100 


4.87 


200 


6.28 


200 


5.82 



EXAMPLE 2 (comparative) 
Immunoassay for CRP in serum samples diluted 1/20 
Measurement range 10 - 200 mg/ml 

Principle 

Sample is diluted in test buffer and applied to test strips having an excess of 
anti-CRP in the reaction zone. Anti-CRP fluorophore-conjugate is then added followed 
by a wash, whereupon conjugate that has bound to the reaction zone is measured. 
Sample dilution is necessary to avoid unreasonably large amounts of anti-CRP in the 
reaction zone as well as in the detection conjugate. 

Test strips 

5 x 48 mm nitrocellulose membranes (Whatman, porosity 8 |lm) on a polyester 
backing were used. The strips had a sample application zone at one end and a 
downstream reaction zone with 2.6 |ig immobilized anti-CRP monoclonal antibody 
(Fitzgerald), which is a 13 x molar excess in relation to a standard 10 mg/ml CRP 
serum. 
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Samples 

CRP-containing samples of varying CRP concentration were prepared from a 
200 mg/1 of recombinant CRP (Fitzgerald) in hCRP depleted serum. 

Procedure 

15 |il of CRP-containing serum diluted 1/20 in test buffer (50 mM borate buffer 
pH 8.0, 3% BSA, 5% sucrose, 0.15 M NaCl, 0.005% CaCl2, 0.05% NaN3> were applied 
to the application zone of the membrane strip. Then, 15 |il of detection conjugate 
solution [anti-CRP monoclonal antibody (Fitzgerald) coupled to 0.1 |im 
TransFluoSpheres-SO^CHO (633/720 nm) (Molecular Probes Inc.), the above test 
buffer] were added, the amount of anti-CRP conjugate being 3 jig per test strip which 
was a 15 x molar excess in relation to the highest standard value. The conjugate 
addition was followed by a wash with 15 |il of test buffer. The fluorescence of the strip 
was then measured. The results are shown in Table 2 below. 



Table 2 



CRP cone. 
(mg/1) 


Peak area obtained 
(V x mm) 


0 


0.41 


0 


0.60 


10 


7.51 


10 


7.130 


20 


8.86 


20 


9.42 


40 


11.97 


40 


10.67 


80 


11.70 


80 


12.91 


200 


14.27 


200 


14.16 



• # 



11 



The above Examples 1 and 2 thus demonstrate that it is possible to run an assay 
on undiluted high concentration samples without using huge amounts of reagents when 
using the methodology of the present invention. 



